The production of goods and services generates greenhouse gases (GHGs) and air pollution both directly and through the activities of the supply chains on which they depend. The analysis of the latter-called embodied emissions-in the cause of internationally traded goods and services is the subject of this paper. We find that trade openness increases embodied emissions in international trade (EET). We also examine the impact of sector trade on EET. By applying a fixed-effect model using large balanced panel data from 187 countries between 1990 and 2011, we determine that each unit of increase in trade openness results in a 10% to 23% increase in GHG embodied emissions (EE). The sector trade effect is also significant for the EE of carbon dioxide (CO2), methane (CH4) nitrous oxide (N2O), carbon monoxide (CO), non-methane volatile organic compounds (NMVOCs), particulates (PM10 ) and sulfur dioxide (SO2). Our findings also clearly indicate that the impact of the GDP 2 on the EE of exports is positive, increasing emissions, but that it is negative on the EE of imports. We suggest that countries monitor trade sector emissions and trade openness to mitigate global embodied GHG emissions and air pollutants.
Introduction
International trade is increasing continuously and the globalized economy has impacts on environmental quality. Emissions occur either directly through the production processes or indirectly in the global supply chain. The accumulated emissions emitted in the production of the product are said to be embodied emissions (EE) (Peters and Hertwich 2008) .
The effect of trade on the environment, however, can be positive or negative.
Therefore, it is important to accurately determine the environmental impacts resulting from pollution embodied in trade (Peters and Hertwich 2006) . The purpose of this research is to investigate the causes of global EE by examining trade openness, trade by sector, and gross domestic product (GDP) data.
Existing empirical studies find conflicting evidence about the impact of trade on the environment (Koo 1974; Walter 1976; Leonard 1988; Tobey 1990; Dean 1992; Low and Safadi 1992; Gale IV 1995; Jayadevappa 1996) . Some studies indicate that lower growth rates in pollution intensity and open trade policies are positively correlated (Birdsall and Wheeler 1993; Lucas et al. 1992; Wheeler and Martin 1992) . However, other researchers such as Rock (1996) have argued that open trade policies create more pollution. To address these concerns, the relationship between trade and embodied emissions (EE) must be understood.
The environmental pollution associated with consumption in one country is shifted to another country through trade (Yunfeng and Laike 2010) . Accordingly, open trade often improves the environments of developed countries while exacerbating the damages to the environments of developing countries Taylor 1994, 1995) . More specifically, as greenhouse gases (GHG) are the primary contributors to global warming, our research aims to determine whether trade leads to increased levels of GHG emissions. This is a logical hypothesis given that international trade exert tremendous impacts on carbon emissions in economies (Peters and Hertwich 2008; Peters et al. 2011 ).
Trade Openness impact on the Environment
The more open an economy the greater the impact of foreign trade on a country's environmental figures (Machado et al. 2001) . The environmental effects of trade openness is a critical question with respect to economic policy (Copeland and Taylor 2013; Taylor 2004) , and thus the correlation between trade openness and environmental quality has attracted considerable interest (Antweiler et al. 1998; Cole and Elliott 2003; Frankel and Rose 2005; Harbaugh et al. 2002) . Antweiler et al. (1998) estimates the effects of trade openness and the GDP on environmental pollution by using data for sulfur dioxide (SO2) intensity and finds that SO2 concentrations increase when the GDP increases and decreases as trade openness decreases.
Global trade expands at a rate that is faster than economic growth, driven by the development of transport technologies. This leads to the risk that growth in international trade may hide environmental damage as it separates consumption from production (Hertwich 2012; Lenzen et al. 2012b) . Moreover, increased trade openness correlates to increased pollution (Managi et al. 2009 ), which has environmental consequences as exports and imports either increase or decrease local production and consequently greenhouse gas (GHG) emissions (Amor et al. 2011 ).
Embodied Emissions by Industry Sector
The impact of exports and imports on global EE differ according to the specific industries involved. Some industries are significantly increasing their embodied emission in exports (EEE) when other industries are impacting embodied emissions through imports (EEI). As we did not find any literature that had studied the impact of trade openness on EET on a global scale, we address this issue in our empirical work.
Input-Output Analysis for the Analysis of Embodied Emissions
Economic-environment models based on input-output analysis are able to capture indirect environmental impacts caused by production. This makes them suitable for the estimation of EE. In the last few years the use of sophisticated multi-region, multi-sector input-output framework have increased. Improvements in data availability and quality have changed the situation and more sophisticated models have been described (Wiedmann et al. 2007 ). Input-output tables are available for many developed and some developing countries. Although the sector aggregation varies from country to country, the principal economic accounting framework is a standardized process (United Nations 1999 , 2003 .
Though there is much literature focused on the impact of trade on emissions by using multi-region input-output (MRIO) data, the scope of industry-specific analysis by using econometric model has been extremely limited. In addition, this method only directly considers the changes in international trade with respect to final consumers by industry and does not incorporate arbitrary variables such as trade openness. Moreover, global level studies have not focused on industry level changes.
Thus, our work contributes to the literature as it identifies EE by industry in international trade. The paper is structured as follows: the next section describes the model, and the following section explains the data. We then discuss the results and the final section presents the conclusion and policy implications.
Model
We apply a panel regression model to examine the impact of trade openness and sectors' trade on EEE and EEI. A model for the relationship between EEE and its determinants can be estimated by applying equation 1. 
The relationship between EEI and its determinants can be estimated by applying equation 2.
In equation (1) is the concentration of emission in exporting country r in year t. Similarly, in equation (2) (Hausman 1978) rejects the random effects formulation in favor of fixed effects, the fixed effects panel data specification is the best model. To determine if time fixed effects are required when running a fixed effect model, we test to see if the dummies for all years are equal to 0. As they are not, a time fixed effect is necessary in our model.
We estimate this by including a dummy variable for each time period.
The fixed effects models with an first order Auto Regressive (AR(1)) disturbance EET have increased over time. Therefore, the prior level of EET(t-1) is a significant predictor of the current level of EET(t). As a result, uncorrected serial correlation is problematic in effort to predict changes in EE over time. The serial correlation in linear panel-data models biases the standard errors. So we identify serial correlation in the idiosyncratic error term in a panel-data model.
To confirm this possibility, the autocorrelation in all models was tested by using the Wooldridge test (Drukker 2003) . In this test, the null hypothesis considers Other explanatory variables
The GDP of each country's economy is used as an explanatory variable because the literature on international pollution suggests that countries with more affluent economies produce higher levels of pollution per GDP. We measure economic size using estimates of the GDP, which is the total market value of the goods and services produced in a country during a given year, i.e., equal to total consumer, investment, and government spending. The GDPs are reported in U.S.
dollars (billions) to facilitate cross-national comparisons. These data are derived from The World Bank's World Development Indicators Series (World Bank 2012).
Population is used to control for the influence that high population might have on the relationship between exports and emission. More populated nations tend to produce more pollution. Dietz and Rosa (1997) determined that the size of a country's population is positively related to CO2 levels. There are also a number of time-specific factors that influence emissions. Examples of such factors include
World energy prices and technological developments, etc. Following earlier studies we control for these factors by including time-specific dummy variables, as they allow us to control for factors that evolve over time and impact all countries. Table 2 includes the descriptive statistics of our explanatory variables.
Data
Calculating the EET becomes complex due to the need to enumerate the unique production systems in individual countries to a reasonable level of sectoral detail and then to link this to consumption systems through international trade data. The most common methodology for this type of analysis is a generalization of environmental input-output analysis (IOA) (Dufournaud et al. 1988 ) to a multiregional setting. We use the Eora multi-region input-output (MRIO) table (Lenzen et al. 2012a; Lenzen et al. 2013) as data source for some of the dependent and independent variables. The Eora MRIO countries' EEI and vice versa. We use the embodied greenhouse gas emissions and air pollutants in exports and imports section by decomposing equation (4): The GDP data are the sum of the gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the products. GDP is calculated without making deductions for depreciation of fabricated assets or for depletion and degradation of natural resources. The data are in current U.S. dollars. The data on population simply refer to the total population in millions counting all residents regardless of legal status or citizenship except for refugees not permanently settled in the country of asylum (who are generally considered part of the population of their country of origin).
Results and discussion
Our analysis shows that a significant share of global EE arise from the production of internationally traded goods and services. The results of the regression are displayed in Table 3 and 4. We investigate the impact of trade openness and sectoral trade on EET. We consider the emission of three GHG:
carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) in our model and focus on the EE of these pollutants by considering the trade of 12 industrial sectors. We also consider five air pollutants: carbon monoxide (CO), non-methane volatile organic compounds (NMVOC), nitrogen oxides (NOX), particulate matter (PM10) and sulphur dioxide (SO2) in our analysis and identify how trade openness and sectors trade impact EET.
Our empirical results suggest that trade openness contributes to the EE of GHG and air pollutants. The coefficient trade openness variable in the regression table 3 and 4 are statistically significant for all GHG and air pollutants. Figure 1 indicates the trade openness effects on EEE and EEI. From 1990 to 2011, due to global exports, EE of CO2 increased by 10.5%, CH4 increased by 14.7% and N2O
increased by 23.6%, (Fig. 1) . With respect to five air pollutants, we notice significant increase in EEE due to trade openness. Specifically, CO increased by 17.8% and NMVOC increased by16.5%. Figure 2 presents the country-specific trade openness condition. When the trade openness score is greater than one, trade volume of the economy exceeds the GDP. In figure 2 , some European countries and a few Asian and African countries exhibit high trade openness score (export + import)/ GDP >1.
Less input relative to output in the agricultural sector is particularly important for explaining the emissions of methane (Bruvoll and Larsen 2004) . In recent years, many empirical studies have focused on the estimations of CH4
emissions from agricultural activities (Yamaji et al. 2003; Guo and Zhou 2007; Huang et al. 2006) . Some literatures have also focused on the impact of mining on CH4 and N2O emission (Bibler et al. 1998; YUAN et al. 2006; Yang 2009 ). We also note that the agriculture sector coefficient is positively correlated with embodied CH4 emission. For example, in our analysis, a 1% increase in agriculture product exports can increase embodied CH4 emissions by 0.04%. In addition, a 1% increase of mining product exports causes a 0.04% increase in embodied CH4 emissions and a 0.06% increase in embodied N2O emissions. Eyring et al. (2010) identified the growing contribution to the total emissions from the transportation sector. We find that the trade and transport sector have significant impact on the EEE of GHG and air pollutants. According to our findings, a 1% increase in the trade and transport services increases EEE of CO2 by 0.44%, NOx by 0.24%, and SO2 by 0.35%. NMVOC is a group of compounds, the composition of which depends on the source. A 1% increase in the mining, metal, electrical and electricity sectors increases by 0.05%, 0.08%, 0.06% and 0.06% the EEE of NMVOC respectively. We found that mining sector trading is closely related with EEE of NOx, PM10 and SO2. A 1% increase in mining sectors increases exports by 0.04%, 0.06% and 0.05% in embodied NOx, PM10 and SO2 emission, respectively. The electricity sector is also a contributor of EEE of these air pollutants. A 1% additional export of electricity will cause a 0.07% increase in NOx, a 0.06% increase in PM10 and a 0.55% increase in SO2 emissions. The metal sector is another important sector whose impact on EEE of air pollutants is always positive. In our analysis, a 1% increase in meatal sector exports increased the EEE of NOx, PM10 and SO2 by 0.06%, 0.09% and 0.08%, respectively.
Emissions of particulates (PM10) are targeted for reduction by the World
Health Organization (WHO 2000) due to their adverse effects on human health and the environment. We determined that a 1% increase in trade and transport, electricity, metal, mining and electrical sectors increases by 0.18%, 0.06%, 0.10%, 0.06% and 0.06% the embodied PM10 emission by export, respectively. A 1% increases in electrical import results 0.2% increase in the embodied PM10 emissions.
Pollution-intensive production increases a country's GDP as well as its emissions. We present the GDP impact on EEE and EEI in figure 3 and the global GDP condition in figure 4. According to our findings, the GDP impact on EEE and EEI is always significant. Due to symmetry, the global EEI are the same as the global EEE. Thus, our findings suggest that the GDP increases EEE and reduce EEI. For instance, in figure 3, in the case of CO2, we notice that 1% increase in the national GDP results in an increase of 0.3% in EEE. Other GHG and air pollutants are also significantly affected by the GDP. Socio-demographic drivers like population impact on EEE of CO, NMVOC and SO2 are statistically significant. We note that a million increase of population will increase EEE of CO, NMVOC and SO2 by 0.001%, 0.002% and 0.002%, respectively.
Conclusion and policy implications
The analysis reported above supports the hypothesis that there is a positive relationship between trade and EE across a sample of 187 nations during the years 1990 through 2011. Industry-specific export and import analysis revealed that GHG and air pollutants are strongly impacted by global trade. In short, the greater the increase in the exporting of mining products, metal products, electrical, electricity, trade and transport, and other manufacturing products, the greater the increase in EEE. This analysis clearly indicate that the import of electrical products impacts EEI.
Analysis of EEE is important when making policy decisions on at least two levels, the local and regional scale pollution level, while the global policy effectiveness concerns impact pollution levels on a global scale. Local scale pollutants such as SO2 and NOx, which are emitted in one country to produce goods for export to another country, usually affect only people in the exporting country or surrounding area. A large body of literature has examined such equity concerns and issues, i.e., whether the positive impact of increased trade outweigh potential negative environmental impacts (e.g., Muradian et al. 2002; Giljum and Eisenmenger 2004) .
There are few studies that examine the impact of trade openness on global EET by considering different air pollutants and GHG. The results of our study indicate that the trade openness and GDP are important factors in shaping EET and therefore, they are important when creating environment policy. Policy implications can be drawn from this paper. First, trade openness can significantly increase EET at a global level. Second, the emission reduction policy should focus on individual trading sectors. UNFCCC members submitted their future GHG emissions reduction targets for COP21. However, the targets do not take into account the future economic, environmental, and demographic variables, such as EET, trade openness, and population, even though our study finds that these variables actually determine emission levels.
The most suitable model for usage in EET analysis depends on the research question and the purpose of the particular application. Our global analysis estimates the overall contribution of the trading sectors on EET. Research which seeks to estimate country-specific EET, however, need to consider regional technology.
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